Presently, the genus Burkholderia includes 30 species with validly published names (Coenye & Vandamme, 2003) , with Burkholderia cepacia as the type species (Yabuuchi et al., 1992) . Burkholderia species of environmental origin that have been described in the last 5 years include Burkholderia graminis (Viallard et al., 1998) , Burkholderia thailandensis (Brett et al., 1998) , Burkholderia caribensis (Achouak et al., 1999) , Burkholderia kururiensis (Zhang et al., 2000) , Burkholderia uboniae (Yabuuchi et al., 2000a) , which has subsequently been corrected to Burkholderia ubonensis (Yabuuchi et al., 2000b) , Burkholderia caledonica and Burkholderia fungorum (Coenye et al., 2001a) , Burkholderia ambifaria (Coenye et al., 2001b) , Burkholderia sacchari (Brämer et al., 2001) , Burkholderia anthina (Vandamme et al., 2002b) , Burkholderia terricola and Burkholderia hospita (Goris et al., 2002) . Recently, two nodulating strains recovered from legume plants were assigned to the genus Burkholderia as two novel species, Burkholderia tuberum and Burkholderia phymatum (Vandamme et al., 2002a) .
For a long time, N 2 -fixing ability in bacteria of the genus Burkholderia was recognized only in the species Burkholderia vietnamiensis (Gillis et al., 1995) . Recently, analysis of maize, sorghum and coffee plants grown under field conditions revealed the richness of the genus Burkholderia in unknown diazotrophs and the N 2 -fixing ability of B. kururiensis (Estrada-de los Santos et al., 2001) . These unknown N 2 -fixing bacteria showed different amplified 16S rDNA restriction analysis (ARDRA) profiles that corresponded to 14 of the ARDRA genotypes identified, which suggested the existence of at least five novel N 2 -fixing Burkholderia species. An abundant group of these N 2 -fixing Burkholderia sp. isolates, identified as ARDRA genotypes 13, 14 and 15, showed almost-identical whole-cell protein patterns, as well as other common phenotypic and genomic features, such as nitrogenase activity with different carbon sources and identical nifHDK hybridization patterns. Very recently, N 2 -fixing isolates recovered from maize and teosinte plants grown in Mexico, as well as from sugarcane plants cultivated in Brazil and South Africa, were described as 'Burkholderia tropica' (Reis et al., 2004) .
In the present study, previously identified diazotrophic isolates that corresponded to 16S rDNA genotypes 13, 14 and 15 (Estrada-de los Santos et al., 2001) , along with new isolates recovered from diverse plant species, were subjected to a detailed phenotypic and genomic analysis to determine their taxonomic status.
Sources of the 20 Burkholderia isolates that were analysed are shown in Table 1 . Seven of these strains, corresponding to ARDRA genotypes 13, 14 and 15, were from a previously described collection (Estrada-de los Santos et al., 2001) . New isolates were recovered from the rhizosphere, rhizoplane and surface-sterilized roots and stems of maize and sugarcane plants cultivated in Mexico. Rhizosphere soil and plants were treated as described previously (Estrada-de los Santos et al., 2001) . N-free, semi-solid BAz medium was used as an enrichment culture for N 2 -fixing Burkholderia and BAc agar plates were used for isolation and pure cultures (Estrada-de los Santos et al., 2001) . Single colonies were inoculated in N-free, semi-solid BAz medium and assayed for acetylene reduction activity (ARA) as described previously (Estrada-de los Santos et al., 2001) . Acetylenereducing colonies were further verified for culture purity on BAc agar plates. N 2 -fixing isolates were maintained in 50 % (v/v) glycerol at 280 u C prior to analysis.
Total DNA isolation, amplification of 16S rRNA genes by PCR and ARDRA were performed by using the conditions described by Estrada-de los Santos et al. (2001) . Each isolate was assigned to one of the ARDRA genotypes described previously (Estrada-de los Santos et al., 2001) . For ribotyping, a Southern blot of total EcoRI DNA digest was hybridized by using the conditions described by CaballeroMellado et al. (1995) . In order to obtain the 16S rRNA gene sequence, PCR products were cloned into the vector pCRII (Invitrogen) according to the manufacturer's instructions. 16S rRNA genes were restricted in small fragments ). An aliquot (10 ml) from each culture was streaked onto solid medium and incubated for 72 h at 29 u C unless otherwise indicated, to determine phenotypic features. Colony morphology was examined on BAc agar plates (Estrada-de los Santos et al., 2001) and growth was recorded after 4 days incubation. Effects of temperature and pH on growth were determined in BSE agar medium. Growth on MacConkey agar (Difco) plates and on B. cepacia-selective agar (BCSA) medium, as well as on BCSA/vancomycin (2?5 mg l 21 ) medium (Henry et al., 1997) , was determined. Growth of N 2 -fixing Burkholderia isolates with 1-aminocyclopropane-1-carboxylic acid (ACC) as the sole nitrogen source was tested on Az-Acc medium (0?2 % azelaic acid, 0?00 3 % ACC, 0?04 % K 2 HPO 4 , 0?04 % KH 2 PO 4 , 0?02 % MgSO 4 .7H 2 O and 1?6 % agarose). The pH was adjusted to 5?7 and the medium was sterilized at 121 u C for 20 min prior to the addition of filter-sterilized ACC (pore size, 0?22 mm). In addition, phenotypic features were assayed with the API 20NE and API 50CH systems, according to the manufacturer's instructions (bioMérieux). The API 20NE system was used to determine nitrate reduction, gelatin liquefaction, aesculin hydrolysis and urease activity. Two colonies grown on BAc agar plates were harvested to determine oxidase reaction, which is a complementary test in the API 20NE system. Results of carbon source assimilation using the API 50CH system were obtained after 4 days incubation at 29 u C. At least two replicates were used for each characteristic examined. Single colonies were inoculated in a modified BAz medium (which lacked azelaic acid, but was supplemented with either 0?5 % succinate or 0?2 % benzoate or propionate) and assayed for ARA as described previously (Estrada-de los Santos et al., 2001) . Fresh culture medium with benzoate as the carbon source was used to avoid variable ARA results. Siderophores were detected by using universal chemical assays on chromeazurol-S agar plates (Schwyn & Neilands, 1987) .
In the present study, diazotrophic isolates that corresponded to 16S rDNA genotypes 13, 14 and 15 were recovered repeatedly from the rhizospheres and rhizoplanes of maize, sugarcane and coffee (Coffea arabica and Coffea canephora) plants, as well as from the endophyte environment of maize and sugarcane, by using the culture media BAz and BAc. All isolates that corresponded to ARDRA genotypes 13, 14 or 15 formed very thin and fine pellicles at a depth of 5-6 mm below the surface in N-free, semi-solid BAz medium after 24 h. After 72 h, the pellicles become whitish, thick but slightly diffuse and moved up to the surface. Colonies of isolates that corresponded to genotypes 13, 14 or 15, when growing on BAc medium plates, were slightly yellowish, round, smooth and convex, 1-2 mm in diameter with entire margins and turned the colour of the culture medium from green to deep blue after incubation for 4 days at 29 uC.
ARDRA genotypes 13, 14 and 15 showed identical profiles with enzymes AluI, DdeI, HaeIII, HhaI, MspI and RsaI, but they were distinguished by using the enzyme Hinf I (see Supplementary Table in T , a non-diazotrophic species, and the restriction enzymes Hinf I and RsaI differentiate genotypes 13, 14, 15 and 15a from 'B. tropica' Ppe8. In addition, strains corresponding to genotypes 13, 14, 15 and 15a can be differentiated both from 'B. tropica' and B. sacchari by their distinct ribotypes obtained with EcoRI (Fig. 1) .
As isolates corresponding to ARDRA genotypes 13 and 15 were the most common among all strains analysed (Table 1) , strains MTl-641 T and SCCu-23, both of which correspond to ARDRA genotype 15, and strain MCo-762 (genotype 13) were chosen for 16S rRNA gene sequencing. The 16S rRNA gene sequences of these strains were compared with available 16S rDNA sequences from Burkholderia species. The phylogenetic tree shown in Fig. 2 illustrates the position of strains MTl-641 T , SCCu-23 and MCo-762 relative to the nearest Burkholderia species, as well as to other N 2 -fixing Burkholderia species. Strains MTl-641 T , SCCu-23 and MCo-762 constituted a single, homogeneous cluster with similarity between their 16S rDNA sequences in the range of 99?2-99?6 %. B. sacchari and 'B. tropica' were the most closely related species to the cluster that comprised strains MTl-641 T , SCCu-23 and MCo-762 (98?5 and 98?2 % sequence similarity, respectively). The N 2 -fixing strains T and SCCu-23 constituted a cluster that was clearly separated from the cluster formed by the diazotrophic species B. kururiensis and B. tuberum, as well as from the diazotroph B. vietnamiensis (95?7 % similarity), which belongs to the B. cepacia complex (Vandamme et al., 1997) . A phylogenetic tree based on available 16S rRNA gene sequences of all Burkholderia species is available as supplementary material (see Supplementary Fig. A in IJSEM Online). For clarifying the taxonomic status of strains corresponding to ARDRA genotypes 13, 14, 15 and 15a, a polyphasic taxonomic approach was undertaken, as suggested by Vandamme et al. (1996) .
In total, 20 isolates that corresponded to ARDRA genotypes 13, 14, 15 and 15a were examined by MLEE. Distinctive combinations of alleles for 12 enzyme loci were found to be monomorphic (data not shown); therefore, a single electrophoretic type was identified. The genetic relationships among N 2 -fixing and related Burkholderia species are illustrated by a dendrogram (see Supplementary Fig. B in IJSEM Online). Isolates corresponding to ARDRA genotypes 13, 14, 15 and 15a largely diverged at a genetic distance of 0?870 from B. sacchari and at 0?780 from 'B. tropica'. These coefficients of genetic distances at levels >0?5 suggested strongly that genotypes 13, 14, 15 and 15a represent a novel Burkholderia species. In other cases, estimates of genetic relatedness of bacterial strains obtained by MLEE correlate strongly with estimates of divergence that are obtained from DNA-DNA hybridization experiments (for a review, see Martínez-Romero & Caballero-Mellado, 1996) .
Whole-cell protein extracts were prepared from all 20 isolates corresponding to genotypes 13, 14, 15 and 15a and from several related species. SDS-PAGE protein patterns of some representative strains, corresponding to ARDRA genotypes 13 and 15, are shown in Fig. 3 . All 20 strains showed almost-identical protein profiles between themselves, but their protein patterns were clearly different from those of other N 2 -fixing and non-N 2 -fixing Burkholderia species (Fig. 3) . It is well-known that bacteria with identical or very similar protein patterns possess high genome similarity (Vandamme et al., 1996) . On this basis, the SDS-PAGE results suggest strongly that genotypes 13, 14, 15 and 15a represent a novel N 2 -fixing Burkholderia species. , SCCu-23 and MCo-762 (B. unamae) to the nearest Burkholderia species, as well as to other N 2 -fixing Burkholderia species, based on 16S rDNA sequence comparisons. 16S rRNA gene sequences were aligned by using CLUSTAL W, version 1.8 (Thompson et al., 1994) . The tree topology was inferred by the neighbour-joining method (Saitou & Nei, 1987) and the phylogenetic analysis was conducted by using MEGA version 2.1 (Kumar et al., 2001) . The alignment included 1358 DNA sites. feature 3 could correspond to 16 : 1v7c or iso-15 : 0 2-OH or both, similar to those fatty acids reported in other Burkholderia species (Vandamme et al., 1997; Coenye et al., 2001b) . A comparison of some fatty acids found in strain T and other Burkholderia species is shown in On the basis of the SDS-PAGE protein profiles, electrophoretic mobility patterns of metabolic enzymes and fatty acid profiles, as well as the genomic data described here, we propose the name Burkholderia unamae sp. nov. for the isolates corresponding to ARDRA genotypes 13, 14 and 15, as well as for genotype15a, which was identified in the present work.
All B. unamae strains were Gram-negative and motile in N-free, semi-solid media at 29 uC. Transmission electron microscopy revealed that strain MTl-641 T was a straight rod with a single polar flagellum or a tuft of polar flagella (data not shown). The ability of B. unamae strains to grow on different culture media and at different temperatures is reported in the species description (below). B. unamae strains exhibited good growth on BSE medium at pH 4?5-6?5, but poor growth was observed at pH 7?0-7?5. Phenotypic characteristics for the differentiation of B. unamae from other N 2 -fixing Burkholderia species, as well as from B. sacchari and from the type species of the genus Burkholderia, are shown in Table 2 .
Results of the API 20NE biochemical tests for B. unamae strains are reported in the species description (below). These biochemical tests identified the isolates as B. cepacia (67?3 % confidence limits, based on the API analytical profile index), followed by Pseudomonas aureofaciens (confidence limits of 29?9 %). All B. unamae isolates grew and showed the ability to reduce acetylene in N-free, semi-solid BAz medium, as well as with succinate and propionate as carbon sources (Table 2) . Hitherto, N 2 -fixing ability had been described only in B. vietnamiensis (Gillis et al., 1995) , B. kururiensis (Estrada-de los Santos et al., 2001 ) and, recently, in 'B. tropica' (Reis et al., 2004 , among all known species of the genus Burkholderia. Previously, we reported the ability of Burkholderia isolates corresponding to ARDRA genotypes 13, 14 and 15 to reduce acetylene to ethylene with different carbon sources, and also showed the presence of nifHDK genes in several of these isolates that were recovered from coffee plants (Estrada-de los Santos et al., 2001) . These characteristics have been confirmed with 13 new isolates (Table 1 ) tested in the present study (data not shown), which confirms that the ability to fix nitrogen is a typical feature of the species B. unamae. In this framework, N 2 -fixing ability can be used as a distinctive feature for the delineation of Burkholderia species. On this basis, B. unamae can be differentiated from the most closely related species, B. sacchari, and from the type species, B. cepacia, by its ability to fix nitrogen. B. unamae can be differentiated from other diazotrophic Burkholderia species, except 'B. tropica', by its inability to fix nitrogen using benzoate as a carbon source. The assimilation profile of 49 carbon sources was identical among B. unamae strains (Table 3) . B. unamae can be differentiated from the most closely related N 2 -fixing species, 'B. tropica', by its inability to assimilate b-gentiobiose and ribose, and from B. sacchari by its ability to assimilate cellobiose, rhamnose and trehalose. Differences in the usage of carbon sources by B. unamae strains and other related Burkholderia species are shown in Table 3 .
Description of Burkholderia unamae sp. nov.
Burkholderia unamae [u.na9mae. N.L. gen. fem. n. unamae arbitrary name formed from UNAM, acronym for Universidad Nacional Autonó ma de México. This name was chosen to commemorate the 450th anniversary of the University, which occurred in the same year as the first isolation of the species (2001)].
Cells are straight rods (1?8-2?5 mm long and 0?5-0?8 mm wide) with a single flagellum or a polar tuft of four to eight unamae from other N 2 -fixing Burkholderia species and related species of the genus Burkholderia are shown in Table 2 . Nitrate is reduced to nitrite, but not to N 2 ; there is urease activity, but not aesculin hydrolysis, liquefaction of gelatin or indole production. Additional phenotypic characteristics are listed in Table 3 . All isolates showed the ability to produce siderophores. B. unamae can be differentiated phenotypically from all diazotrophic Burkholderia species and from B. sacchari and B. cepacia by its SDS-PAGE protein profile, electrophoretic mobility pattern of metabolic enzymes and fatty acid profile. B. unamae comprises strains with four different ARDRA genotypes and their 16S rDNA sequences show >99?2 % similarity. B. unamae can also be differentiated genomically from all diazotrophic Burkholderia species and from B. sacchari by its ARDRA and ribotype profiles.
The type strain is MTl-641 T (=ATCC BAA-744 T =CIP 107921 T ). This strain was isolated from the rhizosphere of maize cultivated in the fields in Tlayacapan, Morelos State, Mexico. Phenotypic and genomic characteristics of the type strain are the same as described above for the species.
